Biochar (BC) application to agricultural soils could potentially sequester recalcitrant C, increase N retention, increase water holding capacity, and decrease greenhouse gas (GHG) emissions. Biochar addition to soils can alter soil N cycling and in some cases decrease extractable mineral N (NO 3 -and NH 4 + ) and N 2 O emissions. These benefits are not uniformly observed across varying soil types, N fertilization, and BC properties. To determine the effects of BC addition on N retention and GHG flux, we added two sizes (>250 and <250 mm) of oak-derived BC (10% w/w) to two soils (aridic Argiustoll and aquic Haplustoll) with and without N fertilizer and measured extractable NO 3 − and NH 4 + and GHG efflux (N 2 O, CO 2 , and CH 4 ) in a 123-d laboratory incubation. Biochar had no effect on NO 3 -, NH 4 + , or N 2 O in the unfertilized treatments of either soil. Biochar decreased cumulative extractable NO 3 − in N fertilized treatments by 8% but had mixed effects on NH 4 + . Greenhouse gas efflux differed substantially between the two soils, but generally with N fertilizer BC addition decreased N 2 O 3 to 60%, increased CO 2 10 to 21%, and increased CH 4 emissions 5 to 72%. Soil pH and total treatment N (soil + fertilizer + BC) predicted soil N 2 O flux well across these two different soils. Expressed as CO 2 equivalents, BC significantly reduced GHG emissions only in the N-fertilized silt loam by decreasing N 2 O flux. In unfertilized soils, CO 2 was the dominant GHG component, and the direction of the flux was mediated by positive or negative BC effects on soil CO 2 flux. On the basis of our data, the use of BC appears to be an effective management strategy to reduce N leaching and GHG emissions, particularly in neutral to acidic soils with high N content.
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Biochar and Nitrogen Fertilizer Alters Soil Nitrogen Dynamics and Greenhouse Gas Fluxes from Two Temperate Soils
Jiyong Zheng, Catherine E. Stewart,* and M. Francesca Cotrufo P otential environmental benefits of biochar (BC) in agriculture include soil C sequestration of a highly recalcitrant form of C, increased N retention, increased water holding capacity (WHC), and decreased greenhouse gas (GHG) emissions (Lehmann et al., 2006; Woolf et al., 2010; Lehmann et al., 2003) . Biochars are produced anaerobically by heating biomass, resulting in a dominantly aromatic chemical structure that is resistant to biological degradation (Baldock and Smernik, 2002) . This process can use a wide variety of feedstocks (i.e., agricultural waste, agroforestry products, animal manure waste, fruit stones, and others) and may occur under a range of temperatures (Woolf et al., 2010; Lehmann et al., 2006) , resulting in BC with varied physical structure and chemical makeup (Spokas, 2010) . Generally, BC from woody biomass produced at temperatures greater than 450°C has a high C content, low nutrient status, relatively large surface area, and high pH (Spokas et al., 2011) . These characteristics could provide a wide variety of potential benefits to agro-ecosystems (Clough and Condron, 2010).
Loss of reactive N from agricultural land in the United States contributes to a number of environmental issues, including stream eutrophication, drinking water contamination, and GHG emissions (Delgado and Follett, 2010; Sutton and van Grinsven, 2011; Vitousek et al., 1997) . Biochar addition to soil can decrease nitrate (NO 3 − ) and ammonium (NH 4 + ) leaching (Ippolito et al., 2012; Steiner et al., 2008; Brockhoff et al., 2010; Ding et al., 2010; Laird et al., 2010) . The proposed mechanisms for these observations include BC increasing soil WHC capacity (Karhu et al., 2011) , cation exchange capacity (CEC) (Silber et al., 2010) , and surface sorption capacity (Singh et al., 2010b) . These characteristics depend on BC feedstock type and pyrolysis conditions, which influence BC surface sorption capacity and pH (Lehmann and Joseph, 2009) .
Although BC additions to some soils decrease net GHG emissions (e.g., CO 2 , N 2 O, and CH 4 ), some researchers have documented a net positive or neutral effect (Scheer et al., 2011; Karhu et al., 2011; Spokas et al., 2009; Spokas and Reicosky, 2009) . Some of this variability in GHG flux depends on the
